Abstract Interpretation of new multichannel seismic reflection profiles indicates that the Palomares margin was formed by crustal-scale extension and coeval magmatic accretion during middle to late Miocene opening of the Algero-Balearic basin. The margin formed at the transition between thinned continental crust intruded by arc volcanism and back-arc oceanic crust. Deformation produced during the later positive inversion of the margin offshore and onshore is partitioned between~N50°E striking reverse faults and associated folds like the Sierra Cabrera and Abubacer anticlines and N10-20°E sinistral strike-slip faults like Palomares and Terreros faults. Parametric subbottom profiles and multibeam bathymetry offshore, structural analysis, available GPS geodetic displacement data, and earthquake focal mechanisms jointly indicate that tectonic inversion of the Palomares margin is currently active. The Palomares margin shows a structural pattern comparable to the north Maghrebian margins where Africa-Eurasia plate convergence is accommodated by NE-SW reverse faults, NNW-SSE sinistral faults, and WNW-ESE dextral ones. Contractive structures at this margin contribute to the general inversion of the Western Mediterranean since~7 Ma, coeval to inversion at the Algerian margin. Shortening at the Alboran ridge and Al-Idrisi faults occurred later, since 5 Ma, indicating a westward propagation of the compressional inversion of the Western Mediterranean.
Introduction
Continued NW-SE convergence between the African and European plates is leading to tectonic inversion of Oligocene to Miocene back-arc basins in the western Mediterranean Sea [Bourgois et al., 1992; Comas et al., 1992; Mauffret et al., 1992; Comas et al., 1999; Billi et al., 2011] . Reverse and strike-slip faults related to this tectonic inversion develop in the onshore-offshore margins of these basins (Figure 1 ) [Bourgois et al., 1992; Mauffret, 2007; Kherroubi et al., 2009; Strzerzynski et al., 2010; Martínez-García et al., 2013] . Inversion structures are found along the northern and southern margins of the Algero-Balearic to Alboran basins. Reverse fault systems in the Algerian continental slope, the dextral Yusuf fault, and reverse faulting of the Alboran Ridge, are major active structures related to late Miocene to present-day inversion [Bourgois et al., 1992; Campos et al., 1992; Deverchere et al., 2005; Domzig et al., 2006; Yelles et al., 2009; Billi et al., 2011; Martínez-García et al., 2013; d'Acremont et al., 2014] .
The Palomares margin extends from the thinned continental crust intruded by arc magmatism of the Alboran basin in the west to the back-arc oceanic crust of the Algero-Balearic basin in the east (Figure 2 ) . The margin has been interpreted as formed by large tilted blocks developed during eastward extension or by transpressive strike-slip structures related to the currently active sinistral fault systems mapped on land (e.g., Terreros, Palomares, and Carboneras fault zones in Figure 2 ) in the eastern Betics [Soto et al., 2000] . However, previous multichannel seismic (MCS) lines ESCI-Alb1 2b-2c showed the lack of a large extensional fault system at the transition between the Alboran and AlgeroBalearic basins . Recent GPS geodetic displacement data, focal mechanisms, and fault slickenline inversion data onshore indicate a present-day compressive tectonic regime for the region GIACONIA ET AL.
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and for much of the Western Mediterranean ( Figure 2 ) [Fernández-Ibáñez et al., 2007; Echeverria et al., 2013; Giaconia et al., 2013] . The present NW-SE shortening direction (about N140°E) is oblique to the margin and subperpendicular to its individual geological elements that strike N40-50°E, like the Abubacer volcanic ridge (offshore), the Carboneras fault zone (onshore and offshore), and the Sierra Cabrera anticlinorium (onshore, Figure 2 ).
The debate about the importance of the present-day stress field and the role of active structures in the formation and evolution of the basins of the Western Mediterranean requires the revision of the Palomares margin. For this reason, we collected two new MCS lines across two contrasting areas of the margin. Line TM24 runs across the Abubacer volcanic ridge and is roughly parallel to the present maximum shortening direction ( Figure 2 ). Line TM23 is located in the transition to the East Alboran basin (Figure 1 ). Simultaneously, we acquired parametric echo sounder subbottom profiles and swath bathymetric data to analyze the most recent sedimentary/tectonic events and relate images of tectonic structures to seafloor relief. The data were acquired on board the Spanish research vessel R/V Sarmiento de Gamboa in the frame of the European Science Foundation TopoEurope TOPOMED project [Gràcia et al., 2011] and processed at the Barcelona Center for Subsurface Imaging at CSIC. Furthermore, in order to define the seismostratigraphy and calibrate their age, we performed a correlation between the two new profiles and the published ESCI-Alb 2b and ESCI-Alb 2c profiles that tie the two lines ( Figure 2 ). To study offshore and onshore tectonic regimes and timing of deformation, we correlated the marine seismostratigraphic units with the lithostratigraphic sequence of the Vera and Níjar Neogene basins and compared the tectonic structure interpreted in the seismic images with two onshore geological cross sections across the Sierra Cabrera anticlinorium parallel to the seismic lines. Thus, the main objectives of Comas et al., 1999; Booth-Rea et al., 2007; Martínez-García et al., 2013; d'Acremont et al., 2014; Giaconia et al., 2014] . Igneous geochemistry data acquired from El Bakkali et al. [1998] , Coulon et al. [2002] , and Duggen et al. [2004 Duggen et al. [ , 2005 . Age of metamorphism: (a) Platt et al. [2005] and (b) Platt et al. [2006] . The new seismic profiles presented in this work (TM) are depicted as thick red lines whereas the preexisting seismic profiles (ESCI) are depicted as thick blue lines. Scientific drill sites (DSDP and ODP) and commercial wells in the Alboran Basin are also located.
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Figure 2. Structural map where the main tectonic structures active during the Quaternary are shown: the Albox fault (AF), the Alhama de Murcia fault (AMF), the Carboneras fault zone (CFZ), the Palomares fault zone (PFZ), the Polopos fault zone (PoFZ), and the Terreros fault zone (TFZ) (see Figure 1 for location) [Booth-Rea et al., 2004a , 2004b Masana et al., 2004; Marín-Lechado et al., 2005; Masana et al., 2005; Gràcia et al., 2006; Pedrera et al., 2006 Pedrera et al., , 2009 Sanz de Galdeano et al., 2010; Booth-Rea et al., 2012; Giaconia et al., 2012a Giaconia et al., , 2012b Pedrera et al., 2012; Giaconia et al., 2013] . Furthermore, focal mechanisms, local stress tensors (from both focal mechanisms and fault slickenline inversion data) [Stich et al., 2003; Fernández-Ibáñez et al., 2007; Giaconia et al., 2013] , and GPS geodetic data [Echeverria et al., 2013] are shown. The bathymetric map (100 m grid) of the study area was compiled using digital grids released by SRTM-3, IEO bathymetry Muñoz et al., 2008] , ICM-CSIC bathymetric dataset , and the MEDIMAP multibeam compilation [MEDIMAP GROUP et al., 2008] at 90 m grid size. The following toponyms are also shown: Alias River canyon (Arc), Abubacer volcanic ridge (Avr), Cresta de los Genoveses volcanic ridge (CGvr), and San José canyon (SJc). 
Geological Setting
The western portion of the Algero-Balearic basin together with the East Alboran basin represents the back-arc region of the Gibraltar Arc (Figure 1 ), an arched orogenic belt formed during the Miocene oblique collision between the Alboran domain and the Iberian and Maghrebian passive margins during westward rollback of a Tethyan slab or delamination in a general context of NW-SE Africa-Iberia convergence[e.g., Lonergan and White, 1997; Zeck, 1999; Gutscher et al., 2002; Duggen et al., 2003; Faccenna et al., 2004; Spakman and Wortel, 2004; Booth-Rea et al., 2007] . The Alboran domain has traditionally been defined as formed by three polymetamorphic terrains, the Malaguide, Alpujárride, and Nevado-Filabride complexes in descending structural order [Balanyá et al., 1997] . Recent work, however, shows that the Nevado-Filabride complex is formed by basement rocks of subducted South Iberian margin [Booth-Rea et al., 2005; Platt et al., 2006] . Thus, following this later interpretation, the Alboran domain should include the Alpujárride and Malaguide complexes, remnants of an earlier orogenic wedge that underwent crustal stacking and high-pressure (HP) metamorphism [Goffé et al., 1989; Azañón et al., 1997; Booth-Rea et al., 2002] associated to Eocene continental collision [Lonergan, 1993] dated about 50 Ma [Platt et al., 2005] . In contrast, the Nevado-Filabride complex underwent a later HP metamorphism during the lower to middle Miocene ( Figure 2 ) [López Sánchez-Vizcaino et al., 2001; Platt et al., 2006] .
The collision of the Alboran domain with the African and Iberian continental margins occurred during the early to late Miocene after the subduction of the "Flysch Trough" basement formed by oceanic or very thin continental crust (Figure 2 ) [Durand-Delga et al., 2000; Luján et al., 2006] . Collision and tectonic inversion of both continental margins resulted in a fold-and-thrust belt formed mainly by the detached Mesozoic sedimentary covers of both margins that migrated progressively westward [Platt et al., 1995; Lujan et al., 2003; Platt et al., 2003; Luján et al., 2006] . The Nevado-Filabride complex was exhumed by WSW directed core complex detachments during the middle to late Miocene in the hinterland of the collisional system [e.g., García-Dueñas and Martínez-Martínez, 1988; Galindo-Zaldívar et al., 1989; Platt and Vissers, 1989; García-Dueñas et al., 1992; Martínez-Martínez and Azañón, 1997] . The history of formation of the Alboran and Algero-Balearic basins is however much less understood. Between 16 and 8 Ma, the Algero-Balearic basin spread possibly in an E-W direction [Mauffret et al., 2004; Booth-Rea et al., 2007] , creating new oceanic-like crust [Grevemeyer and Ranero, 2012] .
A continued late Miocene to present NW-SE convergence between Africa and Eurasia has produced tectonic inversion of structures in the Betic-Rif internal zones and Alboran and Algero-Balearic basins, and the associated development of several large strike-slip and reverse fault systems [e.g., Bousquet, 1979; Montenat and Ott d'Estevou, 1990; Mauffret et al., 1992; Booth-Rea et al., 2004a; Gràcia et al., 2006; Martínez-García et al., 2013] . Tectonic inversion at the Algero-Balearic basin along the Algerian margin possibly started at 5-7 Ma and continued during Plio-Quaternary times at N verging thrusts that consist laterally of several fault strands [Deverchere et al., 2005; Domzig et al., 2006; Mauffret, 2007; Kherroubi et al., 2009; Yelles et al., 2009; Strzerzynski et al., 2010] .
Tectonics of the Palomares Margin and the Eastern Betics
The Palomares margin is oriented NNE-SSW and bounds the NW end of the Algero-Balearic basin (Figure 1 ). The continental margin is formed by thinned continental crust intruded by arc volcanism that transits to oceanic crust to the east in a poorly understood manner . Volcanic rocks sampled in basement highs in the East Alboran and Algero-Balearic basins belong to both the tholeiitic and calcalkaline series (red and blue dots in Figure 1 , respectively) with Serravallian to Messinian ages ranging between 12.1-8.7 and 10.1-6.1 Ma, respectively [Comas et al., 1997; Turner et al., 1999; Duggen et al., 2004 Duggen et al., , 2005 . Tholeiitic series volcanic rocks depleted in light rare earth elements (LREE) characteristic of immature oceanic arcs were sampled in the East Alboran basin (Yusuf and Mansour ridges, red dots in Figure 1 ) and at the Alboran ridge (Figure 2 ) [Duggen et al., 2004; Gill et al., 2004] . Furthermore, at the 10-14 km thick crust domains near the ESCI-Alb lines, LREE-enriched calc-alkaline and shoshonitic rocks have been sampled bearing a continental crust contamination of subduction-related magma Duggen et al., 2004 Duggen et al., , 2005 . The westernmost segment of the ESCI-Alb 2b line (Figure 1 ) has been interpreted as intruded thin continental crust, where arc magmatism could be ≈6 Ma [Duggen et al., 2004] , or an embryonic magmatic arc with magmatic accretion coeval to extension . Further east, the ESCI-Alb 2b line ( Figure 1 ) shows a basement seismic structure similar to that of oceanic crust formed at intermediate-to fast-spreading mid-ocean ridges but thicker as expected in a volcanic arc environment [Ranero et al., 1997; Reston et al., 1999; Booth-Rea et al., 2007] . Crustal thickness and structure are similar to oceanic crust in the eastern half of the ESCI-Alb 2c line (Figure 1 ) . Calibration of the sediments onlapping the basement constrains a minimum age of 10-12 Ma for the oceanic crust and 8-10 Ma in the magmatic arc-influenced region (Figure 2 ) .
Onshore, the central and eastern Betics underwent middle to late Miocene WSW directed extension that attenuated the previous pile of staked metamorphic units of the Alboran domain Martínez-Martínez and Azañón, 1997; Booth-Rea et al., 2005 , 2007 . This extension was heterogeneous in its style, developing metamorphic core complexes, like the Sierra Nevada elongated dome, and tilted block domains separated by ENE-WSW extensional transfer faults, like the Alpujarras dextral fault that bounds the dome to the south , 2006a , 2006b .
The boundary between core complex domains onshore and extended regions with magmatic accretion in the East Alboran basin may correspond to extensional transfer faults like the Carboneras sinistral fault [Rutter et al., 2012] . The Carboneras fault zone has been active at least since Serravallian until recent time. The Miocene activity of this fault was essentially strike slip [Bousquet, 1979; Montenat and Ott d'Estevou, 1990; Rutter et al., 2012] ; in contrast, the Plio-Quaternary activity is locally transpressional, as indicated by folding-related unconformities in the latemost Messinian to Pliocene sediments at the Sierra Cabrera [Bell et al., 1997; Rutter et al., 2012] and transpressive structures identified along its offshore segments [Gràcia et al., 2006; Moreno et al., 2008] . The adjacent region onshore and the Palomares margin underwent late Miocene to Quaternary inversion with thrusting, and strike-slip faulting with both dextral and sinistral kinematics [Montenat and Ott d'Estevou, 1990; Comas et al., 1999; Booth-Rea et al., 2004a] . The main strike-slip faults in the eastern Betics are sinistral and formed from north to south by the Alhama de Murcia, Terreros, Palomares, and Carboneras faults (Figure 2 ) [Montenat and Ott d'Estevou, 1990; Booth-Rea et al., 2004a; Masana et al., 2004; Gràcia et al., 2006; Stich et al., 2006; Moreno et al., 2008] .
Methods
Data Acquisition and Processing
MCS profiles, swath bathymetry, and parametric echo sounder profiles were collected in the Alboran Sea during the TOPOMED-GASSIS cruise Leg 1 carried out in fall 2011 on board the R/V Sarmiento de Gamboa. The MCS data were acquired using a 50.15 L (3060 in.
3 ) air gun source array composed by eight G-GUN-II guns deployed at 7.5 m depth. Seismic signal was recorded using a 5100 m long active section Sentinel Sercel SEAL digital streamer with 408 channels (12.5 m channel interval). MCS data were recorded at 2 ms sample rate and 14 s two-way travel time (TWTT) record length. Air gun shots were fired every 50 m, providing a nominal maximum 56 common midpoint (CMP) fold. We processed lines TM23 and TM24 using GLOBE Claritas software (Figures 3a and 3b) . Processing steps include crooked streamer geometry implementation, 6.25 m CMP binning, velocity analysis every 100 CMP (625 m), spherical divergence, predictive deconvolution, normal moveout correction, parabolic Radon filter to attenuate multiple energy, stretch muting, inner mute to further attenuate multiple energy in near offsets, and stack. Poststack processing used frequency-wavenumber (F/K) to attenuate the remaining coherent noise before a finite difference time migration using a smooth time and space variant velocity model. Finally, the lines were depth converted using velocities extracted from a model of a wide-angle seismic velocity profile coincident with ESCI line 2 [Leuchters et al., 2011] . Depth conversion was done to create a balanced crosssection interpretation of the structure in the seismic lines. Swath bathymetry was acquired with the hullmounted system ATLAS Hydrosweep DS echo sounder, with frequencies between 14.5 and 16 kHz. The data were processed using CARIS software and integrated with existing data to produce digital terrain Tectonics 10.1002/2015TC003861 models of 50 m grid size. High-resolution narrow-beam parametric echo sounder subbottom profiles were acquired using the ATLAS Parasound P.35. This system uses a primary frequency of 18-20 kHz, and a secondary frequency of 1.5-4 kHz. During the TOPOMED-GASSIS cruise, a continuous-wave single pulse was used, with frequencies of 4 kHz. The pulse length was 0.50 ms, and the pulse interval was 300 ms, with a maximum vertical resolution of 0.6 ms. These data show detailed geological information of the uppermost few tens of meters below the seafloor.
Balanced Cross Section
The structural analysis to calculate the detachment depth of the fault propagation fold recognized in the TM24 line was carried out by applying the excess area graphical technique proposed by Epard and Groshong [1993] .This method predicts the detachment depth of a fault propagation fold plotting a set of geological horizons in an excess area versus depth diagram. The depth coordinates of this diagram are obtained by an arbitrary horizontal reference, while the excess area coordinates are obtained by calculating the area comprised between the folded geological horizon and the horizontal line that joins points of the geological horizons considered as undeformed/unfolded. This set of coordinates defines a straight line with a slope that is the fault displacement; meanwhile, its intersection with the depth axis is the depth to the detachment with respect to the arbitrary horizontal reference.
Results
A major outcome obtained from the MCS lines and parametric subbottom profiles is the characterization of shortening and transpressional structures in the Palomares margin. Furthermore, the MCS lines provide important information about the crustal structure of the Algero-Balearic basin at the Palomares margin.
Seismic Stratigraphy of the Margin
To define the main seismostratigraphic discordances and units of the margin, we used the seismostratigraphic sequence described by Jurado and Comas [1992] for the northern Alboran basin and by Medaouri et al. [2014] for the southern Alboran and Algero-Balearic basins. In detail, we used the Ocean Drilling Program (ODP) sites 977 and 978 for the ages of Plio-Quaternary seismostratigraphic units Booth-Rea et al., 2007] and the Andalucia-A1 , Habibas-1 Sonatrach commercial well, and Arzew-1 Sonatrach core drill (ARZ-1) [Medaouri et al., 2014] for the late Miocene sequence ( Figure 1 ). In addition, we correlated the late Miocene units with stratigraphic sequence exposed onshore at the Vera and Níjar basins, which is well defined and dated, thus improving the onshore-offshore correlation provided by Booth-Rea et al. [2007] for the ESCI-Alb seismic lines that tie lines TM23 and TM24 ( Figure 4 ).
The onshore-offshore correlation for the late Miocene units presented in this paper is based on the fact that the study region of the Palomares margin, and the Vera and Níjar basins were not semienclosed marginal (or peripheral) basins as the Sorbas-Tabernas basin, but open basins connected with the Mediterranean Sea even during the Pliocene, except for a short time interval in the Messinian during the Salinity Crisis [Riding et al., 1998; Braga et al., 2003; Fortuin and Krijgsman, 2003] . This is confirmed by open marine/pelagic marls of the Chozas Fm. [Hsü et al., 1973 [Hsü et al., , 1977 , Abad Mb. Fortuin and Krijgsman, 2003] , and Cuevas Fm. [Mather, 1993; Stokes and Mather, 2000] , which globally shows ages between the late Tortonian and the Pliocene (~8.5-3.3 Ma). The onshore-offshore correlation for the Messinian Salinity Crisis (MSC) units is speculative and under debate. However, the widely accepted model for the MSC proposed a two-step development [Clauzon et al., 1996; Briand, 2008; CIESM, 2008] , and the synchronous onset and development of the Primary Lower Gypsum (PLG) or Lower Evaporites (LE) deposits in the Mediterranean Sea [Lugli et al., 2010] are elements that allow us to propose an onshore-offshore stratigraphic correlation for the Palomares margin and the Níjar-Vera basins. During the first MSC stage (5.97-5.60 Ma) [Gautier et al., 1994; Krijgsman et al., 1999; CIESM, 2008; Manzi et al., 2013] , primary shallow-water evaporites (PLG/LE) accumulated in semienclosed marginal or peripheral basins that are currently exposed onshore the eastern Betics (Yesares Fm. 5.96-5.67 Ma) [Martín and Braga, 1994; Riding et al., 1998; Krijgsman et al., 2001] . At this stage, the evaporitic MSC facies had not deposited in the deep sectors of the Alboran and Algero-Balearic basins, but the euxinic shales and dolostones [CIESM, 2008; Manzi et al., 2013] . During the second MCS stage (5.60-5.55 Ma) [Gautier et al., 1994; Krijgsman et al., 1999; CIESM, 2008; Manzi et al., 2013] , a substantial fall in sea level of the Mediterranean accounts for the deposition of thick MSC halite mobile unit in the deep basins while the slope marginal areas were undergoing an intense and polygenic erosion producing the Messinian Erosion Surface (MES) [Lofi et al., 2005 [Lofi et al., , 2011 [Fortuin and Krijgsman, 2003; Aguirre and Sánchez-Almazo, 2004] . However, the Lago Mare event has been recently interpreted to reach Zanclean ages in the more marginal Sorbas basin (Zorreras Mb.) [Do Couto et al., 2014b; Clauzon et al., 2015] .
The main bounding seismic surfaces are described below from top to bottom (Figures 3 and 4) .
Quaternary Unconformity (QU): In the westernmost part of both MCS lines, this surface is an erosional truncation onlapped by the overlying upper Pliocene to Quaternary unit Q + UP, up to km 30 of line TM23 and km 10 of line TM24 (Figures 3a and 3b) . Eastward into the basin, this surface evolves to a paraconformity defined mostly by one reflection, except at the end of line TM23 where it evolves into an angular unconformity, starting from km 55 of the line (Figure 3a ). The age of this surface has been inferred from the underlying upper Pliocene unit UP that is probably equivalent to the Pliocene Cuevas marls deposited onshore at the Níjar and Vera basins between 5.3 and 3.2 Ma [Aguirre, 1998] . 
Messinian Erosional Surface (MES):
This surface was described all over the Mediterranean Sea [e.g., Lofi et al., 2005 Lofi et al., , 2011 and the Alboran Sea (M or R1 reflector) [Ryan and Hsü, 1973; Jurado and Comas, 1992; Riding et al., 1998; Comas et al., 1999] as an erosional truncation affecting the Messinian PLG or LE deposits [Lugli et al., 2010] . This surface occurs locally as an erosive surface (e.g., between km 25 and 40 of line TM24 of Figure 3b and middle column of Figure 4 ), but it evolves to an angular unconformity or a paraconformity basinward to the east at the Algero-Balearic basin (from km 55 of line TM23 and km 70 of line TM24, Figures 3a and 3b and right column of Figure 4 ). In this region, it is imaged as a high-amplitude reflection with negative polarity indicating a decrease in seismic velocity from the overlying Messinian salt mobile unit MU to the underlying marly lower Messinian unit LM. This unconformity has been described by Driussi et al. [2014] in the Balearic Promontory as the Base Erosion Surface (BES), at the proximal region, and the Base Surface (BS) in the deep basin that bounds the Lower Unit (LU) of the MSC record at the bottom.
Messinian Salinity Crisis Onset Unconformity (MSCo): This surface is an angular unconformity along most of the MCS lines onlapped by the upper Messinian unit UM (Figures 3 and 4) . Locally, this surface seems erosive on the underlying lower Messinian unit LM (between km 25 and 40 of line TM24, Figure 3b , and middle column of Figure 4 ). To the east of both MCS lines (from km 55 of line TM23 and km 70 of line TM24, Figures 3a and 3b), this surface seems to merge with the high-amplitude reflection with negative polarity of the MES-R1. This unconformity has been described all over the Mediterranean Sea both onshore and offshore [e.g., CIESM, 2008; Manzi et al., 2013] .
Tortonian Unconformities 1 and 2 (R2 and R3): These surfaces are erosional truncations ] that occur to the west of both MCS lines onlapped by the lower Messinian unit LM and the upper Tortonian unit UT, respectively (Figures 3 and 4) . Both unconformities evolve to angular unconformities and paraconformities basinward to the east at the Algero-Balearic basin.
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The main seismostratigraphic units are described below from top to bottom (Figures 3 and 4) . To calculate unit thickness, we used RMS velocities picked during MCS processing for normal moveout correction.
Unit Q + UP:
The upper Pliocene to Quaternary unit is bounded at the bottom by the QU or locally by the highamplitude reflective upper Messinian unit UM below. This unit defines mostly a paraconformity in both MCS lines but locally appears erosive in the western part of line TM24 onlapping and infilling troughs and channels. Unit Q + UP has a continuous high-frequency reflectivity and a maximum thickness of~0.3 s TWTT (≈230 m assuming a 1.55 km/s velocity) with good lateral continuity (Figures 3 and 4) . By correlation with ODP site 978, unit Q + UP is formed by clay with sandstone and some pebbly interbedding containing abundant bioclasts deposited between the late Pliocene and the present, corresponding to subunit Ia Comas et al., 1999] . This unit should be equivalent to the late Pliocene and Quaternary continental and shallow marine sediments of the Molata Fm. and the deltaic and fluvial conglomerates of the Gochar Fm. onshore at the Níjar and Vera basins according to the biostratigraphic ages (3.1-0 Ma) obtained from planktonic and foraminifera analysis on the Habibas well (SE Alboran basin) by Medaouri et al. [2014] .
Unit LP: The lower Pliocene unit is bounded by the QU at the top and the TES/TS at the bottom although locally it overlies the lower Messinian unit LM. To the west at the Alboran Basin unit LP onlaps the upper Messinian unit UM infilling possible fluvial erosion channels (e.g., western part of line TM24) and rests paraconformable to the east at the Algero-Balearic basin in both MCS lines (Figures 3 and 4) . This unit reaches a maximum thickness of~0.4 s TWTT (≈400 m assuming a 2.05 km/s velocity) and is characterized mostly by low-reflectivity facies typically bounded by two more reflective lithoseismic units (Figures 3 and 4) . Unit LP offshore includes middle Pliocene clays and silty clays cored in ODP sites 977 and 978 corresponding to subunit Ib Comas et al., 1999] and is probably equivalent to the Pliocene marls of the Cuevas Fm. deposited onshore at the Níjar and Vera basins between 5.3 and 3.2 Ma [Aguirre, 1998; Booth-Rea et al., 2007] . This unit corresponds mostly to the EP unit proposed by Medaouri et al. [2014] that is formed by sand turbidities and mud mounded carbonate ramp at the Algero-Balearic basin and by sands and sandy marls levels and lithothamnion calcareum at the southern Alboran basin, both with ages between 5.42 and 3.1 Ma.
Unit UM: The upper Messinian unit is bounded by the TES/TS, at the top, and MSCo or BS, at the bottom (Figures 3 and 4) . The unit UM shows high-amplitude reflections compared with the bounding units in both the Alboran and Algero-Balearic basins (Figure 4) . This unit appears erosive, onlapping the lower Messinian unit LM at the Alboran basin; meanwhile, it defines an angular unconformity at the Algero-Balearic basin (Figures 3 and 4) . In the Alboran basin, unit UM includes the MSC units exposed onshore at the Níjar and Vera basins that are (from bottom to top) the Yesares Fm. deposited after 5.96 Ma (equivalent to "Lower Evaporites" of Sicily, the Gessoso-Solfifera Formation of the Northern Apennines) Fortuin and Krijgsman, 2003] and Feos Fm. deposited between 5.67-5.54 and 5.3 Ma (Lago Mare facies equivalent to "Upper Evaporites" of Sicily, the Colombacci Formation of the Northern Apennines) [Fortuin and Krijgsman, 2003 ]. In the Algero-Balearic basin, the UM unit reaches a maximum thickness of 0.75 TWTT composed by~0.5 TWTT of the nonhalite UM (≈600 m assuming a 2.4 km/s velocity) and 0.25 TWTT of MU (Figures 3 and 4) . In this region, according to Driussi et al. [2014] and Medaouri et al. [2014] , the unit UM is composed (from top to bottom) by three subunits: the upper subunit (UU), the Messinian salt mobile subunit (MU), and the lower subunit (LU) (Figures 3 and 4 ).
The subunit UU shows high-amplitude reflections compared with the bounding units being limited by the TS at the top and the iMU at the base (Figures 3 and 4) . This subunit is equivalent to the unit UU of Medaouri et al. [2014] that has been cored at the ALG-1 and ARZ-1 wells where it includes marls and brittle anhydrites probably corresponding to the Lago Mare facies marls of Feos Fm. onshore.
The subunit MU occurs only at the eastern ends of the MCS lines in the Algero-Balearic basin where it appears as a transparent seismic unit overlying a high-amplitude reflection with negative polarity (MES) that indicates a decrease in seismic velocity in the underlying sedimentary unit, typical of Messinian salts (Figures 3 and 4) . This unit reaches a maximum thickness of~0.25 TWTT (≈500 m assuming a 4.2 km/s velocity, Figures 3a and 3b) and is bounded by the MES at the base and the iMU at the top. This subunit is equivalent to the unit MU of Medaouri et al. [2014] cored at the ALG-1 and ARZ-1 wells and formed by halite and dirty salt that probably deposited during the erosion of the Yesares Fm. onshore between 5.60 and 5.55 Ma [Gautier et al., 1994; Krijgsman et al., 1999; Manzi et al., 2013] .
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The subunit LU underlies the high-amplitude reflection, with negative polarity appearing as a transparent seismic unit compared with this unconformity and the underlying unit (unit LM). This subunit is bounded by the MES at the top and by another unconformity at the base, corresponding most probably to the BS (right column of Figure 4 ) that defines the base of unit UM in this deep-basin region. This subunit is equivalent to the unit LU of Medaouri et al. [2014] formed by plastic gray marls and gypsum cored at the ALG-1 and ARZ-1 wells.
Unit LM: The lower Messinian unit is bounded by unconformities MSCo at the top and R2 at the bottom in the Alboran basin (except to the west where it onlaps the basement); meanwhile, at the Algero-Balearic basin, locally, it is bounded by the BS at the top. This unit is characterized by discontinuous low-amplitude reflections in the eastern and central parts of the MCS lines showing a decrease in seismic reflectivity compared to the overlying unit UM or the MU (Figures 3 and 4) . The seismic facies of this unit indicates low-velocity and low-reflectivity sediments corresponding to hemipelagic marl and shale that have been cored at the southern Alboran and Algero-Balearic basins with biostratigraphic ages of 6.96-5.73 and 7.24-5.96 Ma, respectively (subunit LU) [Medaouri et al., 2014] . Toward the west, especially in line TM24, unit LM shows different seismic facies characterized by higher reflectivity, probably indicating an increase in siliciclastic content toward the shore. Furthermore, along TM24 (between km 10 and 15), this unit onlaps the volcanic basement infilling a syncline and showing discontinuous high-amplitude reflections that indicate the syntectonic deposition during fault propagation folding of the Neogene Abubacer volcanic ridge (Figures 3b and 5) . Unit LM reaches a maximum thickness of~0.5 s TWTT (≈700 m assuming a 2.9 km/s velocity) and probably is equivalent to the upper members of the Turre Fm. onshore in the Níjar and Vera basins, which includes the and its marginal equivalent, the Cantera Mb. (7.24-5.96 Ma) [Völk, 1966; Sierro et al., 2001] . The Messinian units UM and LM together correspond to the Unit II defined from well data by Jurado and Comas [1992] , which includes evaporites, carbonate, volcanic, and volcaniclastic levels interbedded with fine-grained sediments.
Unit UT: The upper Tortonian unit is bounded by unconformities R2 at the top and R3 at the bottom onlapping unit LT below in the Alboran basin but laying paraconformable on it in the Algero-Balearic basin (Figure 4 ). This unit is characterized by low-amplitude facies reaching a maximum thickness of~0.25 s TWTT (≈350 m assuming a 2.9 km/s velocity) in the central part of line TM24 (Figures 3b and 4) , and it is absent in the western part of the lines. The seismic facies of this unit is consistent with the lithologies cored at the northern Alboran basin (clays to pebbly sandstones of Unit III) , the southern Alboran basin (shales and marls with sand intervals and pyroclastic level of Unit T with ages between 6.96 and 9.26 Ma) [Medaouri et al., 2014] , and the southern Algero-Balearic basin (gray marls with sands and pyroclastic intervals of Unit T with ages between 7.24 and 9.26 Ma) [Medaouri et al., 2014] . This unit probably corresponds to hemipelagic fine-grained sediments exposed onshore at the Níjar and Vera basins like the "Lower" Abad member Fortuin and Krijgsman, 2003] , its marginal equivalent Azagador Member (8-7.24 Ma) [Völk, 1966; Martín et al., 2003] , and the late Tortonian Chozas Fm. marls and silts [Ruegg, 1964; Völk and Rondeel, 1964; Völk, 1966] .
Unit LT: The lower Tortonian unit is bounded by the R3 at the top and is characterized by discontinuous highamplitude reflections that onlap the volcanic basement toward the east of the MCS lines reaching a maximum thickness of~0.5 s TWTT (≈700 m assuming a 2.9 km/s velocity, Figures 3 and 4) . This unit corresponds to Unit IV defined by Jurado and Comas [1992] cored at the northern Alboran basin including clays and silty clays with sandy interbeds. At the southern Alboran and Algero-Balearic basins, it is made up of clays and slits with sandy and marl intervals with biostratigraphic ages between 9.26 and 11.7 Ma (Unit S) [Medaouri et al., 2014] . Nevertheless, the seismic facies of this unit at the Palomares margin is not consistent with these lithologies but with coarser and harder lithologies as the Tortonian volcanosedimentary breccias (Brèche rouge) or early Tortonian mixed carbonate-siliciclastics that crop out onshore at Cabo de Gata, south of the Níjar basin [Montenat and Ott d'Estevou, 1990; Martín et al., 2003 ].
Crustal-Type Transition at the Palomares Margin
The basement imaged by both TM23 and TM24 MCS lines is characterized by a bright top reflection and high-amplitude continuous reflections at its uppermost part that progressively fade away at depth (Figures 3a, 3b, and 5) . Eastward, the top of the basement is more reflective, with low-continuity and comparatively smaller amplitude reflections at the Cresta de los Genoveses (east of line TM24, Figures 3b and 5b) , where a thin Plio-Quaternary sedimentary cover (unit Q + UP) overlies a dome-like structure formed by subalkaline basalts [Duggen et al., 2008] . This dome-like structure may represent an area of magmatic accretion formed by intrusions and arc volcanism. indicating that the basement here is formed by thinned continental crust strongly intruded by subduction arc-related magma.
The Moho reflections are imaged in both TM23 and TM24 lines, mainly at the east, at a depth between 5.5 and 7.5 s TWTT ( Figure 5 ). The basement above the Moho reflections thins toward the east, especially in line TM23 where it decreases along 25 km distance from 3 to 1.5 s TWTT (or~9 to~4-5 km assuming a 6 km/s velocity, Figure 5a ). Furthermore, the transition from a~9 km thick heavily intruded or arc-type crust to a 4-5 km thick more typical oceanic crust at the Palomares margin occurs without fault block structures ( Figure 5 ). This crustal transition has been interpreted to occur by eastward increasing thinning of the continental crust that has been pervasively intruded by arc magmatism because of the opening of the Algero-Balearic basin during Serravallian to Messinian time [Mauffret et al., 2004] .
Shallow Crustal Structures
The Abubacer ridge is the surface expression of a fault propagation fold that deforms the sediment cover and igneous basement of the Palomares margin (line TM24, Figure 6 ). The main thrust, referred to as Abubacer fault, has a SE-ward sense of displacement, folding and uplifting the northwestern hanging wall fault block. Minor thrusts occur on the limbs of the Abubacer anticline that are sealed by the lower Pliocene unit LP, including a back thrust to the west with NW directed displacement (Figure 6 ). Westward, between the Abubacer anticline and the coastline, a syncline is filled by uppermost Tortonian to lower Messinian syntectonic sediments of unit LM (Figure 6 ). Upper Messinian and lower Pliocene sediments (units UM and LP) infilling the syncline show growth strata toward the fold hinge (Figure 6 ). The footwall of the Abubacer fault contains a syncline filled by lower Messinian syntectonic sediments (unit LM, Figures 4 and 6) . Another minor SE displacing thrust and associated fault propagation fold deform the northwestern limb of this syncline, displacing the Neogene volcanic basement onto the lower Tortonian unit LT. This structure is sealed by the upper Tortonian unit UT (Figure 6 ).
The parametric subbottom profile along line TM24 (Figure 7 ) images anticlines and synclines deforming Quaternary sediments that are visible in the MCS line. Anticlines occur both near the coast to the NW (between CMP 11500 and 10500 in Figure 6 ) and at the Abubacer ridge (at CMP 9000 of Figure 6 ), at either side of the main syncline (Figure 7) . The Plio-Quaternary sediments (subunits Ia + b) infilling the hanging wall syncline of the Abubacer thrust show fold-onlapping growth strata toward the hinge (Figure 7) . Bathymetric data along TM24 line indicate a N40°E strike for the anticlines and synclines and a length of about 30 km for the Abubacer fault. Reverse faulting and folding associated with the Abubacer fault produced the~700 m high structural relief of the Abubacer ridge where the volcanic basement crops out at the seafloor (Figures 6 and 7) . The integration of MCS reflection lines, parametric subbottom profiles, and bathymetric data shows a good congruence between structural and morphological features, especially at the Abubacer ridge region where the main syncline corresponds to a bathymetric depression, and the Abubacer ridge is formed by an anticline, as well as other minor anticlines. The main submarine canyons dissecting the Palomares margin, related to the San José and Alias rivers, flow subparallel to the synclines and cut transverse to the Abubacer anticline. This geometry suggests that the fold-and-thrust system growth and the dissection processes were coeval, resulting in submarine canyon deflections (Figure 2 ). Line TM23 shows a positive strike-slip flower structure affecting from the volcanic basement to the entire sediment cover (Figure 8 ). The southeastern fault block is uplifted and folded, defining a transpressive strike-slip structure affecting a Plio-Quaternary depocenter. Plio-Quaternary sediments appear syntectonic because they are folded and show growth geometry (units Q + UP and LP, Figure 8 ) controlled by the transpressive structure. The upper Tortonian unit UT represents the youngest prekinematic unit with respect to the strike-slip faults (Figure 8 ).
Parametric subbottom images along line TM23 together with the bathymetry show subvertical scarps that correspond either to mass movement scars or to faults with reverse and normal displacement that affect Quaternary sediments and the seafloor (Figure 9 ). These scarps strike N10-20°E parallel to the Palomares fault system and may represent the offshore extension of the fault system south of the Sierra Cabrera anticlinorium (Figure 2 ).
Geometry of the Abubacer Fault and Related Structures
The depth conversion of seismic line TM24 (Figure 10a ) was carried out using a velocity model based on velocities obtained from wide-angle velocity modeling of a profile coincident with ESCI-Alb 2 line [Leuchters et al., 2011] . The depth conversion was carried out only for the Abubacer region to provide a realistic geometry and dimensions (both depth and fault plane/strata dipping angles) of the main fault propagation fold. Globally, the main thrust and the minor ones are of relatively low angle, dipping 20-40°a nd displacing the basement up to 1 km (Figure 10a ).
The depth section allows construction of a balanced cross section of the fault propagation fold (Figure 10b ). We applied the excess area graphical technique proposed by Epard and Groshong [1993] to obtain the depth of the main detachment (see section 3.2). Using the balanced cross section, we have plotted a set of six (Figure 10c ). The six points define a linear equation (y = a + b · x) in the diagram that indicates a fault displacement of the entire fault system (without considering the southeastern thrust because of the lack of any arbitrary horizontal reference that intercepts equivalent displaced layers) of about 1.5 km and a detachment depth at 10 km that is close to the brittle-ductile transition (details of the brittle-ductile transition are provided in the supporting information). Furthermore, the balanced cross section allows calculation of a shortening of~3 km and a vertical displacement of~2 km produced by the Abubacer fault system.
Discussion
Synthesis of the Structures Observed at the Palomares Margin
The western Algero-Balearic basin opened in an E-W direction by the development of oceanic-like crust [Pesquer et al., 2008] between 16 and 8 Ma [Mauffret et al., 2004; Booth-Rea et al., 2007] . This age interval is mostly coeval to the age (between 12 and 6 Ma) of arc-type rocks that intruded the thinned continental crust of the East Alboran basin and that crop out at Cabo de Gata, onshore the Palomares margin [Comas et al., 1997; Turner et al., 1999; Duggen et al., 2004 Duggen et al., , 2005 . The crustal transition from thinned intruded continental crust (e.g., at Cabo de Gata, onshore, and at the Cresta de los Genoveses, offshore) to oceanic crust eastward occurs progressively, without a fault block structure at the Palomares margin like at typical rifted margins [e.g., Ranero and Perez-Gussinye, 2010] . These data together with the age of volcanic rocks in the region suggest that much of the extension from Serravallian to latemost Tortonian was accommodated by magmatic accretion, with extensional tectonics being comparatively minor, although, at the Palomares region, there is no evidence of a pure magmatic arc crust between the intruded continental crust and the oceanic one as documented in the ESCI-Alb 2 line to the south .
Shortening structures at the Palomares margin indicate that early contraction probably started in latemost Tortonian to Messinian (~8-7 Ma), inferred from the syntectonic deposit of unit LM on the back limb of the Abubacer fault propagation fold (Figure 6 ). The main bathymetric highs of the margin appear related to these shortening structures that have uplifted and folded the igneous basement of the margin. The fold geometry affects the bathymetry as indicated by the highs and depressions of the Abubacer volcanic ridge (Figure 2) . Furthermore, plutonic granodiorites have been exhumed in the core of the Abubacer anticlinal ridge, proving the nonvolcanic origin of this bathymetric high. Thus, the relief of the margin is strongly influenced by the late Miocene shortening structures rather than by tilted middle-late Miocene extensional fault blocks, as suggested by Mauffret et al. [1992] . These shortening structures are presently active since they fold Plio-Quaternary sediments that locally show growth strata and produce pronounced seafloor relief that deflects submarine canyons (e.g., Alias River and San José submarine canyons) (Figure 2) . A M w 3.8 earthquake (30 June 2005, Instituto Geográfico Nacional, http://www.ign.es) produced a thrust focal mechanism at 11 ± 0.3 km depth, about 50 km away from the coast (Figure 2 ) [Fernández-Ibáñez et al., 2007] , that supports active shortening. The focal depth of this earthquake is similar to the detachment depth of the Abubacer fault. Considering that the Abubacer fault system initiated its activity in latemost Tortonian or early Messinian (~8-7 Ma), the obtained slip rate of the system is about 0.2 mm/yr, with a vertical slip rate of about 0.25 mm/yr (at the Abubacer volcanic ridge) and a horizontal shortening of about 0.4 mm/yr. As expected, the vertical slip rate is higher than that at the Carboneras fault zone (0.05-0.1 mm/yr) [Bell et al., 1997] .
Timing of transpressive strike-slip structures imaged on line TM23 is considerably younger than deformation at the Abubacer volcanic ridge, probably starting in the Pliocene and controlling Plio-Quaternary sedimentation. Sinistral focal mechanisms in the region and faulted and folded Plio-Quaternary sediments indicate that transpressive faulting and related folding are currently active and may indicate that the Palomares fault system continues southward offshore (Figure 2) [Stich et al., 2006; Fernández-Ibáñez et al., 2007] .
Integration of Onshore-Offshore Structural Data
Shortening structures at the Palomares margin are coeval to the tectonic inversion at the eastern Betics in the Tabernas-Sorbas, Vera [e.g., Bousquet, 1979; Weijermars et al., 1985; Sanz de Galdeano and Vera, 1992; Stapel et al., 1996 [e.g., Mora, 1993; Garcıá-Meléndez et al., 2003; Augier, 2004; Meijninger, 2006; Pedrera et al., 2010] . To compare deformation on land and offshore, we have mapped the Sierra Cabrera anticlinorium. Similar to the Abubacer anticline, the Sierra Cabrera anticlinorium strikes N50-60°E, that is, normal to the present-day shortening stress field, and is bounded by north and south dipping reverse faults that define a pop-up structure (Figures 11  and 12 ). These structures affect the metamorphic and volcanic basement and cut Tortonian to early Pliocene sediments (Figures 11 and 12) . The initial growth of the Sierra Cabrera anticlinorium is documented by progressive unconformities in the latemost Tortonian Azagador member to the north, corresponding to the base of unit LM , and by unconformities in the latemost Messinian to Pliocene sediments to the south [Rutter et al., 2012] . Furthermore, the Quaternary activity of the North and South Cabrera reverse faults is indicated by geomorphic analysis that related a set of geomorphic features (e.g., rectilinear mountain fronts, highly dissected and V-shaped valleys, and positive SLk anomalies) to their tectonic activity [Giaconia et al., 2012a] . The Sierra Cabrera pop-up anticlinorium and sinistral Palomares and Terreros fault systems in the eastern Betics are structures similar to those mapped offshore the Palomares margin in both tectonic regime and timing.
The N10°E transpressive faults of the Palomares margin offshore (e.g., positive flower structure imaged in line TM23) may represent the PlioQuaternary southward propagation of the Palomares sinistral fault zone on land that initiated its activity during the latemost Tortonian ( Figure 13 ). However, our data about the southward continuation of the Palomares fault system offshore are not conclusive. Figure 12 . Geological cross sections through the Sierra Cabrera anticlinorium (see Figure 11 for location) subparallel to seismic line TM24 and to the main shortening direction in the region. Notice the congruence between the Abubacer anticline and the Sierra Cabrera anticlinorium in their tectonic regime (from pure shortening to transpressional regime) and timing of deformation (tectonic activity started in the latemost Tortonian and continued up to the Quaternary). See Figure 11 for the legend.
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During oblique convergence, shortening is mainly absorbed by en echelon thrusts and folds connected by strike-slip faults that partition the deformation, as described in other more evolved orogenic systems like the Zagros thrust-fold belt [Vernant and Chery, 2006; Malekzade et al., 2007] . The Palomares and Terreros sinistral fault systems transfer shortening at Sierra Almenara and Lomo de Bas to the Sierra Cabrera at the south (Figure 14) , while the dextral Polopos fault zone transfers shortening between Sierra Alhamilla to the west and Sierra Cabrera to the east ( Figure 13 ) [Giaconia et al., 2012a [Giaconia et al., , 2012b [Giaconia et al., , 2013 . The GPS displacement vector measured at the Sierra Cabrera anticlinorium is significantly larger than measurements to the north, indicating that the reverse faults that bound the anticlinorium are absorbing an important amount of the Africa-Iberia convergence in the region (Figure 13 ). Similarly, further east, the GPS displacement vectors decrease stepwise toward the north after the main active shortening structures, namely, the Lomo de Bas and Sierra Almenara reverse faults and the Alhama de Murcia sinistral reverse fault. The sinistral Palomares fault system partitions the deformation between the above shortening structures, having a smaller displacement vector that is oriented NNW-ward, congruent to the kinematics of the fault zone. Offshore, a large portion of the Africa-Iberia convergence is absorbed by the Abubacer N40°E thrust system and associated folds.
The Palomares Margin in the Tectonic Evolution of the Western Mediterranean
The continent to ocean transition between the Alboran and Algero-Balearic basins at the Palomares margin does not show the typical passive margin basement morphology with tilted blocks that have been recognized at nonvolcanic passive margins like the western Iberian one [e.g., Reston et al., 2007] or at the Figure 13 . Structural sketch of the Palomares margin both onshore and offshore where the GPS geodetic data [Echeverria et al., 2013] and the main tectonic structures active during the Quaternary are shown: the Albox fault (AF), the Alhama de Murcia fault (AMF), the Carboneras fault zone (CFZ), the Palomares fault zone (PFZ), the Polopos fault zone (PoFZ), and the Terreros fault zone (TFZ) (see Figure 1 for location) [Booth-Rea et al., 2004a , 2004b Masana et al., 2004; Marín-Lechado et al., 2005; Masana et al., 2005; Gràcia et al., 2006; Pedrera et al., 2006 Pedrera et al., , 2009 Sanz de Galdeano et al., 2010; Booth-Rea et al., 2012; Giaconia et al., 2012a Giaconia et al., , 2012b Pedrera et al., 2012; Giaconia et al., 2013] . The set of structures is consistent with the present stress field and fits in an oblique convergence model where a NW-SE trending shortening affects the NNE-SSW oriented Palomares margin. Strike-slip faults (e.g., PFZ, PoFZ, and TFZ) partition and transfer the deformation among en echelon thrusts and folds where shortening is mainly absorbed (e.g., Sierra Almenara, Sierra Cabrera, and Sierra Alhamilla).
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Algerian margin (along S2 line) [Medaouri et al., 2014] because here extension has been accounted by magmatic and volcanic activity during the Serravallian to Messinian. The important magmatic accretion at the Palomares margin is probably related to the late Miocene detachment of the lithospheric mantle under the eastern Betics, leading to edge delamination under the continental margin [e.g., Duggen et al., 2003 Duggen et al., , 2004 Booth-Rea et al., 2007] . Important transform and extensional transfer faults developed in this setting, like the Alpujarras dextral fault, the Carboneras sinistral fault, or the Yusuf dextral fault [MartinezMartinez et al., 2006b; Rutter et al., 2012; Giaconia et al., 2014] . These faults separate different tectonic extensional domains (core complexes, tilted blocks, crustal thinning, and magmatic accretion) to accommodate the westward migration of the slab beneath the Alboran region [Giaconia et al., 2014] . Otherwise, the different tectonic styles of the transition could be due to transcurrent faults that separate and accommodate differential extension among different tectonic domains as the Carboneras and Yusuf faults. However, these two hypotheses are not necessarily exclusive considering the evolution from generalized extension before the latest Miocene to late transcurrent inversion of the basin since then. Although strike-slip faults at crustal level could be the shallower expression of deep-mantle geodynamic mechanisms (e.g., slab rollback, slab tearing/detachment, and edge delamination) and subduction transform edge propagator faults, these faults would have been reused later during contractive inversion.
Pure shortening and transpressive structures at the Palomares margin offshore are consistent with structures mapped onshore in the southeastern Betics and offshore at the Algerian margin, in both tectonic regime and timing. After middle-late Miocene E-W back-arc extension that generated the Algero-Balearic basin (16-8 Ma) [Mauffret et al., 2004; Booth-Rea et al., 2007] , inversion of the Algerian margin occurred during the late Miocene (about 7-5 Ma) and has continued to present time [Deverchere et al., 2005; Domzig et al., 2006; Mauffret, 2007; Billi et al., 2011] . Tectonic inversion reactivated S verging thrusts onshore the Algerian margin in the Tortonian and produced new N verging thrusts near the continent to ocean transition offshore in the central and eastern Algerian margin since the Pliocene [Deverchere et al., 2005; Domzig et al., 2006; Mauffret, 2007; Kherroubi et al., 2009; Yelles et al., 2009; Strzerzynski et al., 2010] . These structures cut the basement and fold late Tortonian-Messinian sediments and Plio-Quaternary sediments that show fold-onlapping growth strata [Deverchere et al., 2005; Domzig et al., 2006; Kherroubi et al., 2009; Billi et al., 2011] . The present tectonic activity is indicated by historical and instrumentally recorded thrust mechanism earthquakes and GPS geodetic displacement data [Mauffret, 2007; Serpelloni et al., 2007; Strzerzynski et al., 2010] .
The Alboran ridge and Al-Idrisi faults in the East Alboran basin are structures kinematically equivalent to those of the Palomares margin. Although, in this case, the origin of these structures is younger, after the Messinian (5.33-4.57 Ma) [Campos et al., 1992; Martínez-García et al., 2013; d'Acremont et al., 2014] . The N105°E Yusuf dextral fault that merges westward with the N60°E Alboran ridge reverse fault ( Figure 14) cuts and folds the Plio-Quaternary sediments (e.g., the Yusuf and Alboran Ridge anticlines and the Yusuf Basin syncline). This fault system is cut by the N25°E Al-Idrisi sinistral fault toward the west that also shows Plio-Quaternary growth strata (Figure 14 ) [Martínez-García et al., 2013; d'Acremont et al., 2014] . However, at the west Alboran basin, the mid-Tortonian unconformity R3, together with the isolation of small basins [Rodríguez Fernández et al., 1999; Medaouri et al., 2014] , has been interpreted as being produced by the tectonic uplift related to the inversion of the basin [Bourgois et al., 1992; Woodside and Maldonado, 1992; Chalouan et al., 1997; Comas et al., 1999; Soto et al., 2010] . However, no tectonic structure has been identified that could cause such tectonic inversion of the basin. Thus, the mid-Tortonian unconformity could be related to other processes like extension as documented offshore at the east Alboran basin or on land at the Betics [e.g., Lonergan and Schreiber, 1993; Booth-Rea et al., 2004b; Meijninger and Vissers, 2006; Giaconia et al., 2014] . We interpret that the presently active tectonic inversion of the Western Mediterranean started about 7 Ma near the Palomares and Algerian margins and most probably migrated westward at the western Algerian and the Moroccan margins by the development of the Alboran ridge and Al-Idrisi fault system about 5 Ma. Such a space-time evolution of the Western Mediterranean inversion indicates the development of a new transpressional plate boundary along the southern margin of the Algero-Balearic and Alboran basins that is propagating westward in response to the ongoing Eurasia-Africa plate convergence. The tip line of this newly developing plate boundary occurs along the Xauen bank at the southern margin of the West Alboran basin (Figure 14 ).
Conclusions
The MCS lines show the absence of a typical fault block structure across the continent to ocean transition of the Algero-Balearic basin at the Palomares margin. The extension and formation of the margin were largely accounted by important magmatic and volcanic activity during the Serravallian to Messinian, with tectonic thinning of a preexisting crust being possibly comparatively minor in the architecture of the region.
The integrated interpretation of the MCS images, parametric subbottom profiles, and bathymetric data indicates that the Palomares margin was later inverted from latemost Tortonian until present day. The inversion structures are N40-50°E reverse faults and folds (e.g., the Abubacer and Sierra Cabrera antiformal ridge and associated reverse faults) and N10°E sinistral strike-slip faults (e.g., Palomares-type faults) that crop out both onshore and offshore. The Abubacer reverse fault shows a planar geometry until its detachment close to the brittle-ductile transition at approximately 10 km depth and accommodates up to 1.5 km displacement.
The kinematics of tectonic structures both onshore and offshore the Palomares margin is consistent with the NW-SE present stress field. These structures fit in an oblique convergence model where NW-SE shortening is partitioned between en echelon reverse faults and associated folds (e.g., the N40-50°E striking Abubacer and Sierra Cabrera antiformal ridges and associated reverse faults) and strike-slip faults along a NNE-SSW margin (e.g., the sinistral N10°E striking Palomares and Terreros fault zones or the dextral N110-120°E Polopos fault zone). The strike-slip faults transfer deformation between shortening structures where most convergence is absorbed.
Tectonic inversion of the Palomares margin initiated during the latemost Tortonian to Messinian, coeval to structures observed along the Algerian margin and older with respect to the western Algerian and Morocco margins where inversion started in the Pliocene. Thus, the compressional inversion of the 
